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Chapter 10 
Influence of Pesticide Metabolites 
on the Development 
of Enhanced Biodegradation 
L. Somasundaram and Joel R. Coats 
Department of Entomology, Iowa State University, Ames, IA 50011 
Adaptation of soil microorganisms for rapid degradation 
of soil-applied pesticides can occur as a result of the 
complex interactions between the soil , the pesticide, 
the microbes, and environmental conditions. The current 
research addresses the role of breakdown products from 
the pesticide in the development of the condition. 
Several factors that influence enhanced microbial 
degradation include: nutrient value of the metabolite 
molecule, toxicity of the metabolite to soil 
microorganisms, and the availability of the metabolite 
to soil microbes. Comparisons of several pesticides, 
and their respective degradation products provide 
insight into the question of why soil microbial 
populations can develop rapid degradation capabilities 
for some pesticides but not others. 
E n h a n c e d m i c r o b i a l d e g r a d a t i o n i s a s o i l - p e s t i c i d e - m i c r o b e 
i n t e r a c t i o n , i n f l u e n c e d b y a l l t h r e e f a c t o r s . I n a d d i t i o n t o t h e s e 
p r i m a r y f a c t o r s , e n v i r o n m e n t a l f a c t o r s a n d management p r a c t i c e s 
i n f l u e n c i n g t h e s e f a c t o r s may a l s o a f f e c t t h e d e g r a d a t i o n p r o c e s s . 
B e c a u s e e n h a n c e d b i o d é g r a d a t i o n h a s b e e n r e p o r t e d t o o c c u r i n 
s e v e r a l e c o s y s t e m s , i n c l u d i n g r i c e ( 1 ) , c o r n ( 2 ) , s o r g h u m ( 3 ) , 
v e g e t a b l e s ( 4 , 5 ) , t u r f g r a s s ( 6 ) , a n d c a t t l e d i p s ( 7 ) , i t i s 
e s s e n t i a l t o u n d e r s t a n d t h e f a c t o r s i n f l u e n c i n g t h i s p h e n o m e n o n . 
Many r e s e a r c h e r s h a v e i n v e s t i g a t e d t h e r o l e o f s o i l ( 8 , 9 ) , 
m i c r o b e s ( 1 0 , 1 1 ) , management p r a c t i c e s ( 1 2 , 1 3 ) , a n d e n v i r o n m e n t 
(14 ) o n t h e e n h a n c e d d e g r a d a t i o n o f p e s t i c i d e s . T h e p r o p e r t i e s o f 
t h e p e s t i c i d e s t h a t i n f l u e n c e e n h a n c e d d e g r a d a t i o n h a v e n o t b e e n 
s t u d i e d i n d e t a i l . B e c a u s e p e s t i c i d e s a r e m e t a b o l i z e d a f t e r 
a p p l i c a t i o n t o t h e s o i l , some o f them w i t h i n a s h o r t t i m e , t h e 
p r o p e r t i e s o f p e s t i c i d e m e t a b o l i t e s may a l s o i n f l u e n c e t h e 
d e g r a d a t i o n p r o c e s s s i g n i f i c a n t l y . 
N O T E : This chapter is Journal Paper No . J-13794 of the Iowa Agriculture and H o m e 
Economics Experiment Station, Ames, IA. Project No . 2306. 
0097-6156/90/0426-0128$06.00/0 
© 1990 American Chemical Society 
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P e s t i c i d e P r o p e r t i e s I n f l u e n c i n g E n h a n c e d B i o d é g r a d a t i o n 
One o f t h e p r o p e r t i e s o f p e s t i c i d e s t h a t may i n f l u e n c e t h e i n d u c t i o n 
o r i n h i b i t i o n o f e n h a n c e d b i o d é g r a d a t i o n i s t h e i r t o x i c i t y t o t h e 
s o i l m i c r o b e s r e s p o n s i b l e f o r d e g r a d a t i o n . T h e r e s i s t a n c e o f some 
p e s t i c i d e s t o m i c r o b i a l a d a p t a t i o n may b e a t t r i b u t e d t o t h e i r 
m i c r o b i a l t o x i c i t y . S o i l m i c r o o r g a n i s m s i n v o l v e d i n p e s t i c i d e 
c a t a b o l i s m u t i l i z e t h e p e s t i c i d e a s a c a r b o n o r n u t r i e n t s o u r c e ( 1 5 -
1 7 ) , r e f l e c t i n g t h a t t h e n u t r i t i v e v a l u e i s a n i m p o r t a n t p r o p e r t y i n 
r e n d e r i n g t h e p e s t i c i d e s u s c e p t i b l e t o e n h a n c e d b i o d é g r a d a t i o n . T h e 
a b i l i t y o f m i c r o b e s t o u t i l i z e a p e s t i c i d e i s l a r g e l y d e t e r m i n e d b y 
t h e p r e s e n c e o f u t i l i z a b l e c a r b o n a n d o r g a n i c n i t r o g e n m o i e t i e s . 
T h e p r e s e n c e o f more r e c a l c i t r a n t s a t u r a t e d r i n g s t r u c t u r e s ( e . g . , 
c y c l o a t e a n d m o l i n a t e ) o r a n i n c r e a s e i n t h e n u m b e r o f h a l o g e n s 
( e . g . , 2 , 4 , 5 - T a n d t e f l u t h r i n ) c o u l d r e s u l t i n r e s i s t a n c e t o 
m i c r o b i a l a d a p t a t i o n . 
T h e a v a i l a b i l i t y o f p e s t i c i d e s i n s o i l i s a c r i t i c a l f a c t o r i n 
t h e i n d u c t i o n o r i n h i b i t i o n o f e n h a n c e d b i o d é g r a d a t i o n . T h e 
p e s t i c i d e s , w h e t h e r t o x i c t o t h e m i c r o b e s o r s e r v i n g a s a s u i t a b l e 
s u b s t r a t e , s h o u l d b e a v a i l a b l e t o t h e m i c r o o r g a n i s m s t o e x e r t t h e i r 
t o x i c i t y o r p r o v i d e n u t r i e n t v a l u e . T h u s , a v a i l a b i l i t y , l o w 
m i c r o b i a l t o x i c i t y , a n d h i g h n u t r i t i v e v a l u e seem t o b e t h e 
p r o p e r t i e s t h a t c o u l d f a v o r e n h a n c e d d e g r a d a t i o n o f a p e s t i c i d e . 
P e s t i c i d e M e t a b o l i t e s . P e s t i c i d e s a r e d e g r a d e d t h r o u g h d i f f e r e n t 
m e c h a n i s m s , a n d some o f t h e m , s u c h a s t e r b u f o s a n d p h o r a t e , a r e 
a l m o s t c o m p l e t e l y m e t a b o l i z e d w i t h i n a s h o r t p e r i o d a f t e r t h e i r 
a p p l i c a t i o n t o s o i l ( 1 8 ) . I n g e n e r a l , h y d r o l y t i c r e a c t i o n s a r e t h e 
m o s t s i g n i f i c a n t o n e s i n t h e m i c r o b i a l m e t a b o l i s m o f p e s t i c i d e s , 
a l t h o u g h o x i d a t i o n s a r e o f t e n i m p o r t a n t a s w e l l . P e s t i c i d e 
c a t a b o l i s m b y a d a p t e d s o i l m i c r o b e s u s u a l l y i n v o l v e s a n i n i t i a l 
h y d r o l y s i s , f o l l o w e d b y f u r t h e r m e t a b o l i s m a n d u t i l i z a t i o n o f 
h y d r o l y s i s p r o d u c t s as n u t r i e n t o r e n e r g y s o u r c e s . T h e e f f e c t o f 
p e s t i c i d e d e g r a d a t i o n p r o d u c t s o n t h e f a t e o f s u b s e q u e n t l y a p p l i e d 
p e s t i c i d e s n e e d s t o b e b e t t e r u n d e r s t o o d . T h e p r o p e r t i e s o f 
p e s t i c i d e m e t a b o l i t e s s u c h a s n u t r i t i v e v a l u e , m i c r o b i a l t o x i c i t y , 
a n d a v a i l a b i l i t y t o s o i l m i c r o b e s may b e c r i t i c a l i n t h e i n d u c t i o n 
o f e n h a n c e d d e g r a d a t i o n o f t h e i r p a r e n t c o m p o u n d s . 
P o t e n t i a l o f M e t a b o l i t e s t o C o n d i t i o n S o i l s f o r E n h a n c e d 
B i o d é g r a d a t i o n 
T h e p r e s e n c e o f some m e t a b o l i t e s i n f l o o d e d r i c e s o i l s ( 1 9 , 2 0 ) a n d 
i n c r a n b e r r y b o g s (21 ) h a s r e s u l t e d i n r a p i d d e g r a d a t i o n o f t h e i r 
p a r e n t c o m p o u n d s . T o a s s e s s t h e r o l e o f m e t a b o l i t e s i n c o n d i t i o n i n g 
t h e s o i l f o r t h e i r r e s p e c t i v e p a r e n t compounds ( i n n o n f l o o d e d 
s i t u a t i o n s ) , we p r e t r e a t e d a s o i l up t o 4 t i m e s w i t h a h y d r o l y s i s 
p r o d u c t a n d s t u d i e d t h e f a t e o f t h e s u b s e q u e n t l y a p p l i e d 1 4 C - l a b e l e d 
p a r e n t c o m p o u n d f o r s e v e r a l i n s e c t i c i d e s a n d h e r b i c i d e s . 
A c l a y l o a m s o i l (pH 6 . 5 , o r g a n i c m a t t e r 3.4%) n o t t r e a t e d w i t h 
a n y p e s t i c i d e i n t h e l a s t 5 y e a r s was u s e d i n t h i s s t u d y . T h i s s o i l 
was p r e t r e a t e d 1, 3 , a n d 4 t i m e s , a t w e e k l y i n t e r v a l s , w i t h 5 ppm o f 
a h y d r o l y s i s p r o d u c t . A week a f t e r t h e l a s t p r e t r e a t m e n t , a l l t h e 
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t r e a t m e n t s w e r e s u r f a c e - t r e a t e d w i t h t h e C - l a b e l e d p a r e n t 
p e s t i c i d e a n d i n c u b a t e d f o r 3 w e e k s . T h e d e t a i l s o f s o i l i n c u b a t i o n 
a n d m e t a b o l i s m s t u d i e s h a v e b e e n g i v e n e l s e w h e r e ( 2 2 ) . 
2 . 4 - D i c h l o r o p h e n o x y a c e t i c A c i d . P r e t r e a t i n g s o i l w i t h 2 , 4 -
d i c h l o r o p h e n o l , t h e h y d r o l y s i s p r o d u c t o f 2 , 4 - D , r e s u l t e d i n 76% o f 
a p p l i e d * 4 C - 2 , 4 - D b e i n g m i n e r a l i z e d t o U C 0 2 w i t h i n 3 d a y s , a s 
c o m p a r e d w i t h 3% i n s o i l t h a t r e c e i v e d no 2 , 4 - d i c h l o r o p h e n o l ( F i g u r e 
I ) . A t t h e e n d o f t h e 3 -week i n c u b a t i o n , t h e r e was a p r o p o r t i o n a t e 
i n c r e a s e i n t h e amount o f 1 4 C 0 2 e v o l v e d a n d d e c r e a s e i n t h e s o i l -
b o u n d r e s i d u e s f o r m e d as t h e number o f 2 , 4 - d i c h l o r o p h e n o l 
p r e t r e a t m e n t s i n c r e a s e d ( T a b l e I ) . T h e p o t e n t i a l o f s t r u c t u r a l l y 
s i m i l a r compounds s u c h a s p r o t o c a t e c h u i c a c i d a n d v a n i l l i c a c i d i n 
c o n d i t i o n i n g s o i l s f o r r a p i d d e g r a d a t i o n o f 2 , 4 - D h a s b e e n 
d o c u m e n t e d ( £ 3 ) . 
2 . 4 . 5 - T r i c h l o r o p h e n o x y a c e t i c A c i d . 2 , 4 , 5 - T r i c h l o r o p h e n o l , t h e 
h y d r o l y s i s p r o d u c t o f 2 , 4 , 5 - T , d i d n o t c o n d i t i o n t h e s o i l f o r 
e n h a n c e d b i o d é g r a d a t i o n o f 1 4 C - 2 , 4 , 5 - T ( T a b l e I ) . T h e 2 , 4 , 5 -
t r i c h l o r o p h e n o l , u n l i k e 2 , 4 - d i c h l o r o p h e n o l , d i d n o t s e r v e a s a 
s u i t a b l e m i c r o b i a l s u b s t r a t e . 
P a r a t h i o n . P r i o r e x p o s u r e o f s o i l s t o p - n i t r o p h e n o l , t h e h y d r o l y s i s 
p r o d u c t o f p a r a t h i o n , r e s u l t e d i n i n c r e a s e d m i n e r a l i z a t i o n o f 
p a r a t h i o n t o 1 4 C 0 2 . T h e amount o f U C 0 2 e v o l v e d i n c r e a s e d i n 
p r o p o r t i o n t o t h e number o f p r e t r e a t m e n t s w i t h p - n i t r o p h e n o l ( T a b l e 
I I ) . I n s o i l s p r e t r e a t e d up t o 4 t i m e s w i t h p - n i t r o p h e n o l , n e a r l y 
t w o - t h i r d s o f a p p l i e d p a r a t h i o n was c o n v e r t e d t o s o i l - b o u n d r e s i d u e s 
a n d 1 4 C 0 2 a s c o m p a r e d w i t h 39% i n s o i l s w i t h no p - n i t r o p h e n o l 
p r e t r e a t m e n t . S u d h a k a r - B a r i k e t a l . ( 19 ) o b s e r v e d e n r i c h m e n t o f 
p a r a t h i o n - h y d r o l y z i n g m i c r o b e s i n s o i l s t r e a t e d w i t h p - n i t r o p h e n o l . 
D i a z i n o n . 2 - I s o p r o p y l - 6 - m e t h y l - 4 - h y d r o x y p y r i m i d i n e , t h e h y d r o l y s i s 
p r o d u c t o f d i a z i n o n , d i d n o t c o n d i t i o n t h e s o i l s f o r e n h a n c e d 
d e g r a d a t i o n o f d i a z i n o n ( T a b l e I I ) . D e s p i t e t h e l o w m i c r o b i a l 
t o x i c i t y a n d h i g h a v a i l a b i l i t y ( d i s c u s s e d e l s e w h e r e i n t h i s 
c h a p t e r ) , t h e h y d r o x y p y r i m i d i n e m e t a b o l i t e d i d n o t p r e d i s p o s e s o i l s 
f o r r a p i d d e g r a d a t i o n o f d i a z i n o n . E n h a n c e d b i o d é g r a d a t i o n o f 
d i a z i n o n i n r i c e s o i l s h a s b e e n p r e v i o u s l y r e p o r t e d ( 1 ) . E v i d e n t l y , 
t h e s o i l we s t u d i e d d i d n o t c o n t a i n m i c r o b e s c a p a b l e o f a d a p t i n g f o r 
d i a z i n o n e n h a n c e d d e g r a d a t i o n . 
C a r b o f u r a n . T h e d e g r a d a t i o n o f 1 4 C - r i n g c a r b o f u r a n was n o t a f f e c t e d 
i n s o i l s p r e t r e a t e d w i t h i t s h y d r o l y s i s p r o d u c t , c a r b o f u r a n p h e n o l 
( T a b l e I I I ) . I n t h e f l o o d e d r i c e s o i l s o f I n d i a , c a r b o f u r a n p h e n o l 
( w i t h o u t s e r v i n g a s a n e n e r g y s o u r c e ) e n h a n c e d t h e d e g r a d a t i o n o f 
c a r b o f u r a n ( 2 0 ) . I t i s p o s s i b l e t h a t c a r b o f u r a n p h e n o l may s e r v e a s 
a n enzyme i n d u c e r , b u t we f o u n d no e v i d e n c e o f e n h a n c e d d e g r a d a t i o n 
o f c a r b o f u r a n i n s o i l s p r e t r e a t e d up t o 4 t i m e s w i t h c a r b o f u r a n 
p h e n o l . A b a c t e r i u m u t i l i z i n g t h e n i t r o g e n o f t h e N - m e t h y l 
c a r b a m a t e s i d e c h a i n h a s b e e n i s o l a t e d ( 1 7 ) . M e t h y l a m i n e , a 
s e c o n d a r y h y d r o l y s i s p r o d u c t o f c a r b o f u r a n , may b e t h e p r e f e r r e d 
m i c r o b i a l s u b s t r a t e . 
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10. SOMASUNDARAM & COATS Influence of Metabolites on Degradation 135 
C h l o r p y r i f o s . P r i o r a p p l i c a t i o n s o f 3 , 5 , 6 - t r i c h l o r o - 2 - p y r i d i n o l , 
t h e h y d r o l y s i s p r o d u c t o f c h l o r p y r i f o s , i n c r e a s e d t h e p e r s i s t e n c e o f 
c h l o r p y r i f o s ( T a b l e I I I ) . A t t h e e n d o f a 3 -week i n c u b a t i o n , t h e r e 
was a b o u t 5 t o 10% i n c r e a s e i n c h l o r p y r i f o s r e c o v e r e d i n p y r i d i n o l -
p r e t r e a t e d s o i l s a s c o m p a r e d w i t h c o n t r o l s o i l s . I n c r e a s e d 
p e r s i s t e n c e o f a p a r e n t compound i n s o i l p r e t r e a t e d w i t h i t s 
d e g r a d a t i o n p r o d u c t i s new t o t h e l i t e r a t u r e . 
I s o f e n p h o s . E x p o s u r e o f s o i l s t o s a l i c y l i c a c i d , t h e s e c o n d a r y 
h y d r o l y s i s p r o d u c t o f i s o f e n p h o s , r e s u l t e d i n e n h a n c e d d e g r a d a t i o n 
o f i s o f e n p h o s ( T a b l e I V ) . N e a r l y t w o - t h i r d s o f t h e a p p l i e d 
i s o f e n p h o s was c o n v e r t e d t o s o i l - b o u n d r e s i d u e s i n s o i l p r e t r e a t e d 3 
a n d 4 t i m e s w i t h s a l i c y l i c a c i d . S e v e n t y - e i g h t p e r c e n t o f t h e 
a p p l i e d i s o f e n p h o s was r e c o v e r e d a t t h e e n d o f t h e 3 - w e e k i n c u b a t i o n 
i n t h e c o n t r o l t r e a t m e n t a s c o m p a r e d w i t h 34 t o 65% i n s o i l s 
p r e t r e a t e d w i t h s a l i c y l i c a c i d . T h e a b i l i t y o f m i c r o b e s t o 
m e t a b o l i z e s t r u c t u r a l l y s i m i l a r compounds s u c h a s 3 , 5 -
d i c h l o r o s a l i c y l a t e , 3 , 6 - d i c h l o r o s a l i c y l i c a c i d ( 2 4 ) , a n d 5-
c h l o r o s a l i c y l a t e (25 ) t o t h e i r b e n e f i t h a s b e e n r e p o r t e d . T h e l o w 
m i c r o b i a l t o x i c i t y , r e l a t i v e a v a i l a b i l i t y ( a s d i s c u s s e d l a t e r i n 
t h i s c h a p t e r ) , a n d n u t r i t i v e v a l u e o f s a l i c y l i c a c i d may c o n t r i b u t e 
t o i t s p o t e n t i a l t o c o n d i t i o n s o i l s f o r e n h a n c e d d e g r a d a t i o n o f 
i s o f e n p h o s . 
T a b l e I V . D e g r a d a t i o n o f p e s t i c i d e s a s i n f l u e n c e d b y t h e 
p r e t r e a t m e n t o f h y d r o l y s i s p r o d u c t s 
C r e c o v e r e d , % o f a p p l i e d C p e s t i c i d e 
F r a c t i o n s 
Number o f p r e t r e a t m e n t s w i t h h y d r o l y s i s p r o d u c t s 
0 1 3 4 
S a l i c y l i c a c i d ( f r o m I s o f e n p h o s ) 
I s o f e n p h o s 78. . 0 4 a 65, . 3 0 b 36, . 8 1 c 33 . . 6 9 c 
I s o f e n p h o s o x o n 8. , 9 5 a 7, . 8 1 a 5, . 3 5 b 4. . 4 3 b 
S o i l - b o u n d 8. . 7 5 a 12, , 3 4 b 21 , . 3 2 c 24. . 9 0 d 
1 4 c o 2 3. . 9 1 a 9, . 9 3 b 34. . 4 7 c 38. . 7 2 d 
O t h e r s e 0. . 3 6 a 0. . 4 2 a 0. . 2 6 a 0. , 3 3 a 
T o t a l 100 . . 0 2 a 95 . . 8 1 a 98. . 2 2 a 102 . . 0 7 a 
a _ d M e a n s i n e a c h row w i t h t h e same l e t t e r a r e n o t s i g n i f i c a n t l y 
d i f f e r e n t a t 5% l e v e l ( S t u d e n t - N e w m a n - K e u l s T e s t ) . 
e I n c l u d e s v o l a t i l e p r o d u c t s o t h e r t h a n 1 4 C 0 2 a s w e l l a s p o l a r , w a t e r -
s o l u b l e p r o d u c t s . 
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136 ENHANCED BIODEGRADATION OF PESTICIDES IN THE ENVIRONMENT 
M i c r o b i a l T o x i c i t y 
The Beckman Microtox system was employed to assess the r e l a t i v e 
t o x i c i t y of p e s t i c i d e s and t h e i r h y d r o l y s i s products to b a c t e r i a . 
This system u t i l i z e s Photobacterium phosphoreum, a marine 
bioluminescent bacterium p h y l o g e n e t i c a l l y r e l a t e d to s e v e r a l genera 
of b a c t e r i a important i n s o i l . The Microtox system measures the 
l i g h t emitted from P. phosphoreum that have been exposed to a 
chemical d i s s o l v e d i n the d i l u e n t . The d e t a i l s of theory and 
operation of Microtox analyzer and experimental conditions used have 
been described (26-28). 
The h y d r o l y s i s products of some p e s t i c i d e s s u s c e p t i b l e to 
enhanced degradation (isofenphos, diazinon, carbofuran) y i e l d e d 
higher EC 5 Q values, r e f l e c t i n g t h e i r low t o x i c i t y to b a c t e r i a (Table 
V). Conversely, some p e s t i c i d e s with l i t t l e or no propensity f o r 
enhanced biodégradation y i e l d h y d r o l y s i s products that show 
considerable a n t i b a c t e r i a l a c t i v i t y ( c h l o r p y r i f o s , 2,4,5-T). 
However 2,4-dichlorophenol and p-nitrophenol, which are reported to 
serve as energy sources to s o i l microbes, a l s o recorded a low EC 5 0 
value. The t o x i c i t y of h y d r o l y s i s products to P. phosphoreum may 
not correspond to t o x i c i t y to s o i l b a c t e r i a i n a l l instances, but 
data i n d i c a t e that s u s c e p t i b i l i t y to enhanced degradation may be 
p a r t l y i n f l u e n c e d by the t o x i c i t y or lack of t o x i c i t y of the 
h y d r o l y s i s products to b a c t e r i a . 
Table V. The t o x i c i t y of p e s t i c i d e s and t h e i r h y d r o l y s i s products as 
determined with the Microtox system 
P e s t i c i d e E C50 Hydrolysis product EC 50 
2,4-D 100. 67 2,4-dichlorophenol 5, .0 
2,4,5-T 51. 63 2,4,5-trichlorophenol 1, .77 
parathion 8. 51 p-nitrophenol 13, .74 
c h l o r p y r i f o s 46. 25 3 , 5 , 6 - t r i c h l o r o - 2 - p y r i d i n o l 18, .58 
carbofuran 20. 52 carbofuran phenol 60, .92 
methylamine 34. .64 
isofenphos 97. 81 s a l i c y l i c a c i d 213. .92 
i s o p r o p y l s a l i c y l a t e 5. .62 
di a z i n o n 10. 30 2-isopropyl-4-methyl-6-pyrimidine 886. .42 
A v a i l a b i l i t y of P e s t i c i d e s / H y d r o l y s i s Products i n S o i l s 
Another important v a r i a b l e that determines the m i c r o b i a l metabolism 
of s o i l - a p p l i e d p e s t i c i d e s i s the a v a i l a b i l i t y of the chemical to 
the m i c r o b i a l systems degrading i t . The h y d r o l y s i s product and 
parent p e s t i c i d e should be a v a i l a b l e to microbes so as to exert 
t h e i r t o x i c i t y or provide n u t r i e n t value. The l a c k of a v a i l a b i l i t y 
of some chemicals may r e s u l t i n r e s i s t a n c e to m i c r o b i a l adaptation. 
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One laboratory approach to the study of a v a i l a b i l i t y i s the m o b i l i t y 
of the p e s t i c i d e s on s o i l t h i n - l a y e r chromatography p l a t e s as an 
index of a compound's adsorption/desorption behavior. 
S o i l Thin-Laver Chromatography. The s o i l t h i n - l a y e r chromatography 
technique (STLC) was employed to assess the m o b i l i t y of p e s t i c i d e s 
and t h e i r h y d r o l y s i s products i n s o i l . Because s o i l p r o p e r t i e s such 
as organic matter, pH, and c l a y i n f l u e n c e the behavior o f chemicals 
i n s o i l , s i x t e x t u r a l l y d i f f e r e n t s o i l s with a wide range i n organic 
matter content (0.7 to 6.1%) and pH (5.5 to 8.5) were used i n t h i s 
study. In the STLC technique, t h i n l a y e r s of s o i l serve as the 
adsorbent phase and are developed with water by using techniques 
analogous to conventional t h i n - l a y e r chromatography (29). Re-
l a b e l e d compounds were a p p l i e d as spots on STLC p l a t e s and developed 
with d i s t i l l e d water by ascending chromatography. The developed 
p l a t e s were exposed to Kodak Royal Blue X-ray f i l m f o r 2 to 3 weeks. 
The Rf value ( r e l a t i v e f r o n t a l movement) f o r each compound was 
measured as the f r o n t of the spot or streak i n the r e s u l t a n t 
autoradiogram (30). 
M o b i l i t y i n S o i l s . C h l o r p y r i f o s was not mobile i n any o f the s o i l s 
studied, but i t s h y d r o l y s i s product t r i c h l o r o p y r i d i n o l was mobile, 
e s p e c i a l l y i n loamy sand and s i l t loam s o i l s (Table V I ) . Parathion, 
diazinon, and isofenphos were s l i g h t l y mobile (R f < 0.25), and t h e i r 
h y d r o l y s i s products were s i g n i f i c a n t l y more mobile than the 
r e s p e c t i v e parent compounds (p < 0.01). Carbofuran phenol was more 
mobile i n a l l s o i l s studied (R f 0.33 to 0.68). 2,4-D was mobile i n 
a l l s i x s o i l s s t udied (R f 0.56 to 1.00), whereas i t s h y d r o l y s i s 
product, 2,4-dichlorophenol, was low to intermediate i n m o b i l i t y . 
2,4,5-T and 2,4,5-trichlorophenol were n e a r l y immobile i n any of the 
s o i l s s t u d i e d (R f < 0.03). 
Implications of M o b i l i t y on the A v a i l a b i l i t y and Degradation of 
Pe s t i c i d e s i n S o i l . Repeated a p p l i c a t i o n of 2,4-dichlorophenol, 
p-nitrophenol, and s a l i c y l i c a c i d (as observed i n current studies) 
and carbofuran phenol (20) has induced enhanced m i c r o b i a l 
degradation of t h e i r parent compounds. Rf values of these 
h y d r o l y s i s products i n d i c a t e intermediate to high m o b i l i t y i n s o i l s . 
The p-nitrophenol, 2,4-dichlorophenol, and s a l i c y l i c a c i d were 
u t i l i z e d as energy sources by microbes, and t h e i r a v a i l a b i l i t y i n 
s o i l may contribute to the induction of r a p i d m i c r o b i a l metabolism. 
Carbofuran phenol d i d not serve as a m i c r o b i a l substrate but a l s o 
enhanced the degradation of i t s parent compound, carbofuran (20). 
Carbofuran phenol i s f r e e l y a v a i l a b l e i n anaerobic s o i l s , but the 
s i g n i f i c a n c e of i t s a v a i l a b i l i t y i s yet to be understood. 
The m o b i l i t y data f o r isofenphos i n d i c a t e s that, f o r a 
p e s t i c i d e to be su s c e p t i b l e to enhanced degradation, the p e s t i c i d e 
need not n e c e s s a r i l y be very mobile. Although isofenphos has a low 
m o b i l i t y pattern, i t s s a l i c y l i c a c i d metabolite i s more r e a d i l y 
a v a i l a b l e to microorganisms. S a l i c y l i c a c i d i s a benzoic a c i d 
analog, and i t s high a v a i l a b i l i t y i s s i m i l a r to that of benzoic a c i d 
and amiben (31). Racke and Coats (11) suggested that the formation 
of s a l i c y l i c a c i d during isofenphos metabolism i n s o i l may represent 
a key f a c t o r i n the s u s c e p t i b i l i t y of isofenphos to enhanced 
degradation. Our studies with s o i l s exposed to s a l i c y l i c a c i d have 
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c o n f i r m e d t h i s v i e w . Some p s e u d o m o n a d s h a v e b e e n r e p o r t e d t o c a r r y 
t h e s a l i c y l i c a c i d d e g r a d a t i v e p l a s m i d ( 3 2 ) . O b s e r v a t i o n s f r o m t h e 
m o b i l i t y a n d m e t a b o l i s m s t u d i e s i n d i c a t e t h a t t h e l e s s m o b i l e 
i s o f e n p h o s may b e h y d r o l y t i c a l l y m e t a b o l i z e d b y s u r f a c e - s o i l 
m i c r o o r g a n i s m s a n d t h a t t h e r e s u l t a n t m e t a b o l i t e s a r e more a v a i l a b l e 
t o d e g r a d i n g m i c r o o r g a n i s m s . 
T a b l e V I . M o b i l i t y o f p e s t i c i d e s a n d t h e i r h y d r o l y s i s p r o d u c t s 
i n s i x s o i l s , a s d e t e r m i n e d w i t h u s e o f s o i l T L C p l a t e s 
P e s t i c i d e / R f v a l u e i n 
h y d r o l y s i s p r o d u c t 
c l a y s i l t y s a n d y l o a m y s i l t 
l o a m l o a m c l a y l o a m s a n d l o a m 
l o a m 
c h l o r p y r i f o s 0 .02 0 .02 0 .02 0 .02 0 . 02 0, .00 
t - p y r i d i n o l 0, .26 0, .26 0 .58 0 .36 0 . 94 1, .00 
p a r a t h i o n 0, .10 0, .10 0 .14 0, .12 0 . 18 0, .13 
p - n i t r o p h e n o l 0, .15 0, .23 0, .50 0, .46 0 . 89 1, .00 
d i a z i n o n 0. .10 0, .12 0, .12 0, .17 0 . 24 0, .21 
h y d r o x y p y r i m i d i n e 0, .80 0. .78 0, .71 0, .74 0 . 96 0. .81 
i s o f e n p h o s 0. .09 0. .09 0, .13 0, .16 0 . 10 0. .16 
s a l i c y l i c a c i d 0. .09 0. .39 0, .59 0. .35 0 . 75 0. .96 
c a r b o f u r a n 0. .57 0. .76 0. .69 0. .77 0 . 81 0. .75 
c a r b o f u r a n p h e n o l 0. 33 0. .42 0. .33 0. .63 0 . 68 0. .48 
2 , 4 - D 0. .57 0. 56 0. .67 0. .68 1 . 00 1. .00 
2 , 4 - d i c h l o r o p h e n o l 0. .12 0. .11 0. .20 0. .14 0 . 58 0. ,46 
2 , 4 , 5 - T 0. ,00 0. .02 0. .03 0. ,03 0 . 03 0. .00 
2 , 4 , 5 - T - p h e n o l 0. ,00 0. ,00 0. .00 0. ,00 0 . 01 0. ,00 
T h e h y d r o x y p y r i m i d i n e h y d r o l y s i s p r o d u c t o f d i a z i n o n i s more 
r e a d i l y a v a i l a b l e i n a l l s o i l s t e s t e d a n d i s m i n e r a l i z e d b y m i c r o b e s 
( 3 3 ) . O u r M i c r o t o x s t u d i e s h a v e d e m o n s t r a t e d i t s l o w t o x i c i t y t o 
b a c t e r i a . A v a i l a b i l i t y , l o w m i c r o b i a l t o x i c i t y , a n d s u s c e p t i b i l i t y 
t o m i c r o b i a l m e t a b o l i s m o f t h i s h y d r o l y s i s p r o d u c t may f a v o r 
e n h a n c e d d e g r a d a t i o n o f i t s p a r e n t compound i n s o i l s w i t h 
p o p u l a t i o n s o f d e g r a d i n g m i c r o o r g a n i s m s , b u t no a d a p t a t i o n was n o t e d 
i n o u r l a b o r a t o r y s t u d i e s . 
C h l o r p y r i f o s i s i m m o b i l e i n s o i l a n d i s n o t a v a i l a b l e t o 
m i c r o b e s . H o w e v e r , i t s p y r i d i n o l h y d r o l y s i s p r o d u c t i s r e l a t i v e l y 
m o b i l e ; i t s m i c r o b i a l t o x i c i t y a n d a v a i l a b i l i t y i n s o i l may 
c o n t r i b u t e t o t h e i n c r e a s e d p e r s i s t e n c e o f c h l o r p y r i f o s o b s e r v e d i n 
p y r i d i n o l - t r e a t e d s o i l s . 
B o t h 2 , 4 , 5 - T a n d 2 , 4 , 5 - t r i c h l o r o p h e n o l a r e r e l a t i v e l y 
u n a v a i l a b l e i n s o i l , i n d i c a t i n g t h e i r l o w a v a i l a b i l i t y f o r m i c r o b i a l 
d e g r a d a t i o n . 
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I n f l u e n c e o f S o i l C h a r a c t e r i s t i c s o n M o b i l i t y . M o s t o f t h e 
p e s t i c i d e s a n d t h e i r h y d r o l y s i s p r o d u c t s w e r e more m o b i l e i n t h e 
l o a m y s a n d a n d s i l t l o a m s o i l s t h a n i n t h e o t h e r s o i l s u s e d . T h e s e 
two s o i l s h a d r e l a t i v e l y h i g h p H ' s o f 8 . 3 a n d 8 . 5 , r e s p e c t i v e l y . 
T h e pH h a s a n i n d i r e c t i n f l u e n c e o n movement o f some p e s t i c i d e s b y 
e f f e c t i n g s t r o n g e r a d s o r p t i o n a t l o w pH v a l u e s (34,25), r e s u l t i n g i n 
l o w e r m o b i l i t y . I n g e n e r a l , a d s o r p t i o n o f c h e m i c a l s i s weak a t 
n e u t r a l p H ' s a n d a b o v e , l e a d i n g t o i n c r e a s e d movement (36 ) a n d 
f a s t e r d e g r a d a t i o n i n a l k a l i n e s o i l s ( 9 ) . 
S i m p l e r e g r e s s i o n a n a l y s i s o f m o b i l i t y d a t a v e r s u s o r g a n i c 
m a t t e r c o n t e n t a n d c l a y c o n t e n t i n d i c a t e d t h a t g r e a t e r o r g a n i c 
m a t t e r a n d c l a y c o n t e n t r e t a r d e d m o b i l i t y . S i l t l o a m a n d l o a m y s a n d 
s o i l s h a d a l o w o r g a n i c m a t t e r ( 0 . 7 a n d 1.2%) a n d c l a y c o n t e n t ( 1 3 . 0 
a n d 8 . 0 ) . T h e i n c r e a s e d a v a i l a b i l i t y o f c h e m i c a l s i n t h e s e two 
s o i l s c o u l d b e a t t r i b u t e d t o t h e h i g h p H a n d l o w o r g a n i c m a t t e r a n d 
c l a y c o n t e n t s . T h e s u s c e p t i b i l i t y o f p e s t i c i d e s t o e n h a n c e d 
d e g r a d a t i o n o n l y i n s p e c i f i c p a r t s o f a s t a t e o r c o u n t r y may b e 
b e c a u s e o f t h e i n f l u e n c e o f s o i l c h a r a c t e r i s t i c s s u c h a s p H a n d 
o r g a n i c m a t t e r o n t h e a v a i l a b i l i t y o f c h e m i c a l s t o m i c r o o r g a n i s m s . 
C o n c l u s i o n 
P e s t i c i d e d e g r a d a t i o n p r o d u c t s a r e c a p a b l e o f c o n d i t i o n i n g s o i l s f o r 
e n h a n c e d d e g r a d a t i o n o f t h e i r p a r e n t compounds a n d c o u l d p l a y a n 
i m p o r t a n t r o l e i n t h e i n d u c t i o n o r i n h i b i t i o n o f e n h a n c e d m i c r o b i a l 
d e g r a d a t i o n o f some p e s t i c i d e s . T h e p r o p e r t i e s o f d e g r a d a t i o n 
p r o d u c t s s u c h a s g r e a t e r a v a i l a b i l i t y , l o w m i c r o b i a l t o x i c i t y , a n d 
n u t r i t i v e v a l u e may f a v o r e n h a n c e d d e g r a d a t i o n o f t h e i r p a r e n t 
c o m p o u n d s i n s o i l s w i t h p o p u l a t i o n s o f d e g r a d i n g m i c r o o r g a n i s m s . On 
t h e b a s i s o f t h e s e f i n d i n g s a n d o u r r e l a t e d r e s e a r c h , we d e f i n e 
e n h a n c e d m i c r o b i a l d e g r a d a t i o n a s a p h e n o m e n o n i n w h i c h a d a p t e d s o i l 
m i c r o o r g a n i s m s make u s e o f t h e p e s t i c i d e o r p e s t i c i d e d e g r a d a t i o n 
p r o d u c t s a s a n e n e r g y o r n u t r i e n t s o u r c e , r e s u l t i n g i n d e c r e a s e d 
p e r s i s t e n c e o f t h e p e s t i c i d e . F u t u r e r e s e a r c h s h o u l d a l s o b e 
d i r e c t e d t o w a r d u n d e r s t a n d i n g t h e i n t e r a c t i o n b e t w e e n m i c r o b e s a n d 
m e t a b o l i t e s ( p r i m a r y , a s w e l l a s s e c o n d a r y ) o f p e s t i c i d e s . 
A c k n o w l e d g m e n t s 
T h i s r e s e a r c h was s u p p o r t e d b y g r a n t s f r o m t h e USDA N o r t h C e n t r a l 
R e g i o n P e s t i c i d e I m p a c t A s s e s s m e n t P r o g r a m a n d Dow C h e m i c a l C o m p a n y . 
A n y o p i n i o n s , f i n d i n g s , a n d c o n c l u s i o n s e x p r e s s e d a r e t h o s e o f t h e 
a u t h o r s a n d do n o t n e c e s s a r i l y r e f l e c t t h e v i e w s o f t h e g r a n t i n g 
a g e n c i e s . J o u r n a l P a p e r N o . J - 1 3 7 9 4 o f t h e Iowa A g r i c u l t u r e a n d Home 
E c o n o m i c s E x p e r i m e n t S t a t i o n , A m e s , I A , P r o j e c t 2 3 0 6 . 
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